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Abstract: In this paper we introduce a new technique to calculate thiatian of the>?Ne/°Ne ratio

at different galactic locations and the dependence of #tie pn the distribution of massive stars in the
galaxy. Most of previously developed methods focused ote@xpg the anamoly ratio variation between
the galactic and sol&”Ne/°Ne but never pointed out to the possibility of the ratio vioia at different
galactic locations. We examined the ratio at different timees outside the solar system. We show that the
distribution of the massive stars in the galaxy have a mdfecton the abundance ratio which means that
this anomaly in the ratio is not something unique betweerstia system and the galactic cosmic rays.
In this work we will concentrate on the effect of the Wolf-RafWR) stars with initial masses generally
40 times larger than the mass of the sun. The flexibility oftdehnique introduced in this work will
allow us to individually examine all the sources that cardpiee certain cosmic ray nuclei in the galaxy
and estimate the probability of survival of tR&Ne”°Ne as a function of the radial distance of the WR
stars from the solar system.

Introduction sured cosmic ray?’Ne source abundance. In th
paper we show that thi¥Ne/°Ne ratio is vari-
The 22Nef°Ne ratio has been observed (e.g., able atdifferentgalactic locations and is depend
Garcia-Munoz, Simpson, & Wefel 1979; Wieden- on the distribution of massive stars in the gala
beck & Greiner 1981: Mewaldt et al. 1980: We examined thé?Ne/°Ne at different locations
Lukasiak et al. 1994; Du Vernois et al. 1996; in the galaxy outside the solar system. We sh
Binns et al. 2001) to be much greater in the Galac- that the distribution of the massive stars in t
tic cosmic rays than in the solar system. The galaxy have a major effect on this abundance
most accurate (Binns et al. 2001) cosmic-ray neon tio which means that this anomaly in the ratio
isotopic measurements have been obtained by thenot something unique between the solar sysl
Cosmic Ray Isotope Spectrometer (CRIS) instru- and the galactic cosmic ray. The method inti
ment aboard thédvanced Composition Explorer duced in this work applies the Markov stochas
(ACE) spacecraft. The analysis (Binns et al. 2001) processes [1] to compute the cosmic ray pro
of the ACE/CRIS data found ZNel°Ne source gation through 3-dimentional galactic interstell
abundance ratio of 0.366 0.015; this ratio is 5.0  medium. The method follows the guiding cent
+ 0.2 greater than 0.073, the value found (Anders trajectory of randomly walking charged particle
& Grevesse 1989) in the solar wind. Many models backward from the solar system up to their sour
have been developed to explain this anomaly; for in the galaxy. The method has been used succ
example (Higdon & Lingenfelter 2003) suggests a fully for the study of cosmic ray heliospheric proj
superbubble origin for the anomalot&Ne/’Ne agation and modulation by the solar wind [2].
; (Soutoul & Legrain 2000) assume that the ra-
dial dependent source dfNe in the galaxy is  Method and Results
steeper than the source of the other heavy cosmic
rays; however some of these models still face se- The general diffusion transport equation for t
rious difficulties in trying to account for the mea-  cosmic rays density distribution functial; (¢, ¢)
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Here f (7, p) is the source termky is the spatial
diffusion coefficentp; (7, p) characterizes momen-
tum (energy) loss ratép/dt; V is the convection
velocity; P(57 - V')/3 describes the adiabatic mo- A LA LAY LAAR) AL RALAS AAAM LAY B
mentum (energy) losses;(p) is the inelastic scat- 9 10 11 12 13 14 15 16
tering cross section of a nucleus of typeith nu- Distance from the galactic center, 1, kpe
clei of the interstellar gasi(r) is the density of
the interstellar gas; is the velocity of the nucleus;
o;; is the production cross section for a nuclei of
type j from heavier nuclei of typé where; < i;

7; is the life time of a nucleus of typewith re- . ) )
spect to radioactive decay;; is the mean lifetime this take much less time. The code is also si
for the production of specieg as a daughter nu-  @Ple to run on multi processor computers with n
cleus in the radioactive decay of speciesn this ~ Nor modifications, which also help to decrease
work we apply our previousely developed cosmic "unning time. One disadvantage of this methoc
ray propagation model described else where [1] the constrain to use the same diffusion coeffici
to solve equation (1) using the backward Markov N all diffusion equations describing various nucls
Stochastic solution [2] and to find the dependence (Woosley & Weaver 1981) note thé%Ne synthe-
of the 22Ne2°Ne ratio on the distribution of mas- SIS scales with metallicity, the radial dependence
sive stars in the galaxy. In this paper we are mainly Which is given by:

concerned with the effect of the distribution of the M
Wolf-Rayet (WR) stars on th&ZNel°Ne ratio at 10g1o(m)
different galactic locations outside the solar sys- ©
tem. The flexibility of the new method allows usto where ZM is the mass fraction of the elemer
individually examine all the sources that can pro- heavier than helium at a distance r from the gal
duce certain cosmic ray nuclei and to estimate the tic center and ZM,=0.02 is its value at the sole
probability of survival of the cosmic ray nucleipro- system. Here B=8.5 kpc. Figure 1 shows th
duced from these sources as they reach the solametallicity variation at heliocentric distances16
system. In addition to the general feautres of the kpc.

model including the calculation of the elemental |, this work we are mainly concerned with W

and isotopic abundances not only at the solar SYS-stars, the highly evolved descendants of st
tem but anywhere we are able toestimate the source,y;iiny initial masses generally larger than abc

contribution for any element observed at the solar 40My(Conti et al. 1983; Humphreys, Nichol:
system If we want to obtain a global solution using 54 Massey 1985).The galactic distribution
this method the code will run very slow, however 149 \WR stars with heliocentric distances <d
in our case we need to determine the abundanceyq kpc is obtained using [4]. (Massey & Duff
only at the vicinity of the solar system which re-  5001: Massey, Waterhouse, & DeGioia-Eastwc
quire us to run only few thousand particles and 2000, & Massey; DeGioia-Eastwood & Wate

Figure 1: Metallicity variation at different galacti
locations
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Figure 2: probability of survival of thé’?Ne produced at a certain WR star as function of distance frar
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Figure 3:22Nef’Ne at different galactic locations

107

house 2001) show that the minimum mass lir
My for single-star W-R formation is larger il
low metallicity interstellar medium. This indicate
that the mass of the W-R stars descends as we
closer to the solar system.We use tHd&le and
22Ne for different initial masses and metallicite
calculated by (Higdon & Lingenfelter 2003) to di
termine the?2?Nef°Ne at different galactic loca
tions. Figure 3 shows th&Ne/l’Ne ratio is vary-
ing at different galactic locations. From the abo
we see that thé>Ne”°Ne and the abundance ¢
other Neutron rich nuclei depend on the WR sti
distribution. The ratio can be calculated at differe
galactic locations using the new cosmic ray dev
opment

Observations will not show this variation for son
elements like Mg due to the high percent coni
bution to the formation of other nuclei lik&Ne,

22Ne. We found that thé?Ne/°Ne ratio is mainly
dependent on the distribution of the W-R stars
the galaxy as the minimum mass limit of the fc
mation of the W-R stars depend on the metall
ity of the interstellar medium. We showed that tl
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new method can be applied to rule out a number M/ ;5, should resultin the overabundance of ott
of W-R stars as a contributor to the production of neutron rich isotopes like the Ne and Mg whi
certain cosmic ray nuclei. The model allows us to is not the case (Binns et al 2000). The study a
deal with individual W-R stars and treat them as showed that although some neutron rich isoto
the only source to the production of certain cosmic like Mg production is variable at different galac
ray nuclei. We demonstrated the surviving fraction tic locations, most of it is transformed into oth
of these nuclei from individual sources as a func- nuclei.

tion of radial distance from the solar system. The \ye demonstrated that we can determine the cor
technique used in this work demonstrate the con- pytion of each WR star to the production of the ¢
tribution of different locations in the galaxy to the  nyclei observed at the solar system. We were ¢
production of the CR nuclei can be used to rule out gpje to determine which WR star is significant
some of the CR sources in the galaxy as a signifi- contributing to the production of any CR eleme
cant source of the CR nuclei observed at the solar ang which can be eliminated from the contributi
system. Using the cosmic ray source distribution

we can determine which WR star may contribute

significantly to the2Ne”°Ne ratio at the solarsys- References
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We also set the source term to zero all over the
galaxy except at the location of certain WR star to
be studied. Now we apply the backward stochastic
solution of the general diffusion transport equation
by allowing the stochastic path of the particle be-
tween the solar system and the source, the location
of the WR star in that case. Figure 2 shows the
probability of survival of the?’Ne produced at a
certain WR star as function of distance from us.
The stochastic trajectory demonstrate the propaga-
tion of the 22Ne from individual WR stars in the
galaxy. The figure shows that about 96% of the
22Ne survived if produced in a WR star located 1
kpc from the solar system. This percentage will
drop to 1% if the WR star is located 14 kpc from
the solar system.

Conclusion

In this work We pointed out that the distribution of
the WR stars with different minimum mass limit
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